18 F]fluorodeoxyglucose (FDG) positron emission tomography (PET) in the management of non-small cell lung carcinoma (NSCLC), but because of differences in health-care systems, those findings may not hold true in a Japanese hospital. Objective: To assess the cost-effectiveness of the chest CT plus chest FDG-PET strategy in Japan. Design: Decision-tree sensitivity analysis based on the two competing strategies of chest CT-alone vs chest CT plus chest FDG-PET. Study selection: A simulation of 1,000 patients in whom NSCLC, stage IIIB or less, was suspected was created using baselines of other relevant variables in regard to sensitivity, specificity, mortality, life expectancy, and cost from published data. 
L
ung cancer continues to be a major health problem worldwide. The incidence and mortality of lung cancer are rapidly increasing, and lung cancer is the leading cause of cancer deaths in Japan as well as in other developed countries. Non-small cell lung carcinoma (NSCLC) accounts for approximately 75% of all lung cancers. In the early stages, NSCLC is surgically curable, but accurate preoperative staging diagnosis is imperative to avoid unnecessary operations and reduce medical costs.
Japan is currently faced with the serious economic problem of rapidly increasing health-care costs, as in the Western European countries and the United States. The rising demand for health-care services for lung cancer patients, coupled with stationary or slashed resources, is stimulating nuclear medicine specialists to take great interest in economic analysis of nuclear medicine procedures. Research on the economic aspects of nuclear medicine procedures for lung cancer has been reported, [1] [2] [3] [4] [5] [6] [7] and the published literature on their cost-effectiveness has shown that the 2-fluoro-2-D- [ 18 F]fluorodeoxyglucose (FDG) positron emission tomography (PET) strategy is cost-effective in the management of NSCLC. [1] [2] [3] [4] [5] The costs of medical examinations in Japan differ greatly from their costs in the United States and European countries. 5, 7 Furthermore, the current diagnostic strategy for lung cancer in Japan is also somewhat different from the strategy in these other countries. In general, physicians in Japanese hospitals are not performing mediastinoscopy, or are performing it less often, in patients who have or are suspected of having lung cancer, and they are performing bronchofibroscopy without general anesthesia more frequently.
Decision-tree sensitivity analysis is a useful tool for resolving uncertainty in decision making, 7-10 but many assumptions are usually used in the analysis. The validity of the analyses is more certain when actual clinical data or variables are employed instead of assumptions.
The aim of our study is to assess the cost-effectiveness of the chest CT plus chest FDG-PET strategy prior to the introduction of this technology in our Japanese hospital. We used decision-tree sensitivity analysis based on current clinical data from our hospital in patients with pulmonary cancer (NSCLC, stage IIIB or less).
Materials and Methods
Decision-tree sensitivity analysis was performed to determine expected marginal costs and expected life expectancy gain in NSCLC patients by using two competing strategies: (1) the chest CT-alone strategy, which is being utilized in most institutions in Japan, and (2) the new strategy of chest CT plus chest FDG-PET.
Baseline Patients and Variables
The population of those patients who had had a pulmonary nodule that was histopathologically confirmed by thoracotomy in our hospital between April 1996 and March 1997 was used to obtain baseline data. Of the total of 56 patients with pulmonary nodules, 40 had malignant disease (39 NSCLC, 1 carcinoid), and 16 had benign disease (5 hamartomas, 3 granulomas, 2 benign mesotheliomas, 2 intrapulmonary bronchial cysts, and 4 other benign diseases). Thus, the proportion of patients surgically treated for a pulmonary nodule in our hospital and who had malignant disease was 71.4%. The success rate of transbronchial lung biopsy (TBLB) in our hospital was 75.0% (42/56). TBLB failed in nine patients, and it was not attempted in the other five patients because of the nodule's peripheral location, small size, or concomitant pulmonary disease, such as advanced bullous emphysema.
Baselines of other relevant variables in regard to sensitivity and specificity are shown in Table 1 , with mortality and life expectancy shown in Table 2 . Those values listed in the tables were obtained from a review of the medical literature and were used in the decision trees. It was assumed that the prevalence of N3, contralateral, mediastinal involvement was 31%, 29 -31 and that mediastinoscopic biopsy was 100% accurate. Chest CT sensitivity and specificity for the diagnosis of lung cancer were not incorporated into the current study, because the sensitivity of CT for the diagnosis of lung cancer is extremely high (99.7%), but its specificity is low (57.9%). [43] [44] [45] [46] Actually, the chest CT findings had hardly any influence on the diagnosis of lung cancer in our hospital.
Cost
The mean costs of medical examinations and thoracotomy are shown in Table 3 . The Japanese yen costs were based on the bills of outpatients and inpatients in our hospital between April 1996 and March 1997. The costs in US dollars were calculated at a yen-dollar conversion rate of 140 yen to $1.00 US. The costs of outpatient examinations and of thoracotomies for benign and malignant disease include the cost of diagnostic procedures for staging, such as whole-body skeletal scintigraphy, brain MRI or CT, abdominal CT or ultrasound, measurement of serum tumor markers, and so forth. Depreciation of the positron camera, personnel expenses, and overhead costs were not taken into account; the first two are estimated to total approximately 20,000 yen per examination in Japan. 47 
Decision Trees
The details of decision tree analysis have been described elsewhere. 8 -10 Briefly, the decision tree in general is constructed of the choices and potential outcomes of the choices. All conditional probabilities of each outcome in the tree are calculated and obtained as a function of the variables listed in Tables  1 and 2 by using Bayesian analysis, that is, where P ϭ prevalence, S ϭ sensitivity, and Sp ϭ specificity. The adjunct assumptions below were assigned to each possible outcome of each decision tree prior to its construction. A simulation of 1,000 patients in whom NSCLC, stage IIIB or less, with no remote metastases, was suspected was set up in a context of a 71.4% prevalence of NSCLC and a 31.0% prevalence of N3. The FDG-PET study was preceded by chest CT in every patient. All of the patients categorized as N3 according to chest CT were assumed to have NSCLC. Mediastinoscopy was performed only when N3 was suspected on the basis of FDG-PET.
Sensitivity Analysis
The cost of an FDG-PET study has not yet been decided in Japan. We hear that the Welfare Ministry is currently planning to put the cost of an FDG-PET study at approximately 100,000 yen. Sensitivity analysis on the costs of FDG-PET in the chest CT plus chest FDG-PET strategy was performed to compute expected marginal costs by varying the FDG-PET costs per study. Sensitivity analysis of the specificity of FDG-PET for the diagnosis of lung cancer and the sensitivity of FDG-PET for the diagnosis of N3 were also carried out because the values may make a great difference in clinical settings and can vary with the institution, whereas the sensitivity of FDG-PET for the diagnosis of lung cancer and the specificity of FDG-PET for the diagnosis of N3 are similar at all institutions. 11-20,29 -31 The relationships between prevalence of malignant disease, expected marginal costs, and life expectancy gain were analyzed by two-way sensitivity analysis.
Results
The decision trees for the 1,000-patient simulation and the results are shown in Figures 1, 2 , which show the decision trees for the chest CT-alone strategy and the chest CT plus chest FDG-PET strategy, respectively. With the chest CT-alone strategy, 133 patients with resectable disease would undergo radiation therapy, and 55 patients with unresectable disease and 70 patients with benign disease would undergo an unnecessary attempt at curative surgery.
The chest CT plus chest FDG-PET strategy, which includes mediastinoscopy, is somewhat complicated, but because of improved NSCLC staging, curative surgery increased and noncurative surgery decreased. Table 4 shows the results of the two competing strategies. The CT plus FDG-PET strategy would reduce the number of bronchoscopies by approximately half (from 1,000 to 512 patients), with the result that the number of thoracotomies for benign diseases and the number of noncurative thoracotomies would decrease, while the number of mediastinoscopies and curative thoracotomies would increase. Figure 3 shows the results of sensitivity analysis on the cost of FDG-PET, ranging from 30,000 to 200,000 Japanese yen in the chest CT-plus-FDG-PET strategy. Figure 3 shows that the chest CTplus-FDG-PET strategy would not be economical, ie, not cost-saving, mainly because the examinations are very inexpensive. However, the patient life expectancy gain would increase as a result of improved staging of lung carcinoma.
The cost of FDG-PET is expected to amount to 100,000 yen per study in the near future. If FDG-PET costs 100,000 yen per study, the CT-plus-FDG-PET strategy would increase the total cost by 10.5%. However, the expected life expectancy gain would be 0.607 years per patient, and the expected cost for the life expectancy gain because of improved staging would be 218,000 yen/yr/patient (Table 4) . This means that the cost for one NSCLC patient to survive an additional 1 year would be 218,000 yen.
The specificity of FDG-PET for the diagnosis of lung cancer and the sensitivity of FDG-PET for the diagnosis of N3 depend on the institution. These sensitivity analyses show that the marginal costs would decrease as the specificity for the diagnosis of lung cancer or the sensitivity for the diagnosis of N3 decreases, but that the life expectancy gain will be almost stable, regardless of the sensitivity and specificity values (Fig 4, 5) . The prevalence of malignant disease in our hospital was 71.4%, but the expected marginal costs and life expectancy gain vary widely at prevalences ranging from 10 to 90%. The threshold value of the marginal costs was approximately 40% (Figure 6 ). The prevalence of lung cancer is the key variable in cost-effective analysis.
Discussion
The cost of medical care in Japan is rapidly increasing year by year, and it increased by 1 trillion yen a year in the 1990s. It is estimated that in 1999, medical care will cost more than 30 trillion yen, or approximately $2.14 ϫ 10 11 US-around 8% of the gross domestic product. Our study may be criticized for using the baseline of 56 patients with pulmonary nodules who presented to the hospital during a 1-year period, because baseline data from a single hospital may raise the question of generalizability. That, however, is why we performed sensitivity analysis. As a matter of fact, there have been few documents with accurate figures for lung cancer patients in Japan. According to a few studies, the success rate of TBLB was 63.0%, and the prevalence of lung cancer in Japanese hospitals was 51.0 to 71.1%. 48 -50 The variables in that study are similar to our own. The decision tree we constructed, which adds chest FDG-PET to the usual practice of diagnosing and treating patients with potential NSCLC, is now being utilized in most institutions equipped with a PET system in Japan.
The clinical results of using FDG-PET have been very promising in most common cancers, for which CT and MRI have major limitations. 51 However, the drawbacks of FDG-PET are limited availability and high cost, with it continuing to be one of the highest-priced medical studies. The cost of FDG-PET in the United States is approximately double that of MRI. By contrast, the cost-effectiveness analyses of FDG-PET in the management of NSCLCs or solitary pulmonary nodules have shown that a noninvasive strategy using FDG-PET can be more cost-effective than other approaches because of the reduction in the numbers of unnecessary medical examinations and open thoracotomies, and because it does not compromise patient survival. [1] [2] [3] [4] Despite the promising results described above, the cost-effectiveness of FDG-PET in the management of NSCLC may not always hold true in other countries, because health-insurance systems differ greatly from country to country. Therefore, economic analysis, which remains worthwhile and can provide significant information concerning the management of NSCLC, must be performed in each country. In view of the fact that lung cancer is now a major worldwide killer and that there is increasing pressure to lower costs and to gain the most benefit from the money spent, cost-effectiveness analysis of FDG-PET in the management of NSCLC appears to be imperative and crucial.
Contrary to the reports from the United States and European countries, our results based on the strict decision tree analysis showed that the introduction of FDG-PET studies would not bring about expected marginal costs in the management of NSCLC in Japan. The chest CT plus chest FDG-PET strategy will not be economical or cost-saving in Japan. Assuming that depreciation of the positron camera and personnel expenses are included into the total cost and the FDG-PET examination cost of 100,000 yen per study (including the cost of tracers, technical costs, and professional costs), the increase in deficit would amount to 152,000 yen/patient. On the other hand, mediastinoscopy need not be performed in any patient who is both CT-positive and FDG-PETpositive for N3. In that case, the saving of the mediastinoscopic cost is similar to the sum of depreciation and personnel expenses.
On the other hand, patient life expectancy gain would increase as a result of improved NSCLC staging. Life expectancy gain would be 0.607 years (7.3 months) per patient, and the cost increment would be 218,000 yen/yr/patient if the FDG-PET examination cost 100,000 yen (around $700 US) per study. In other words, NSCLC patients would gain 7.3 months of life for an outlay of $945 US. The Japanese economic situation should easily tolerate this increase in cost. In addition, our goal in NSCLC management is not cost saving itself, but improvement of patient outcome on the basis of quality of life.
The causes of the cost increment in the CT-plus-FDG-PET strategy include not only the higher cost of FDG-PET, but also the following factors. First, medical examinations in Japan are generally inexpensive. The cost of bronchofibroscopy, including biopsy, is especially low in Japan, approximately 15% of the cost in the United States. Thus, the fact that the CT-plus-FDG-PET strategy reduces the number of bronchoscopy examinations by approximately half has the least impact on cost savings. Second, the length of hospital stays in Japan is very long. The average stay in our hospital was 25.2 days for patients with benign diseases and 46.8 days for patients with malignant diseases. This is mainly because inpatients are only reimbursed for the cost of hospitalization Figure 6 . Results of the sensitivity analysis for the prevalence of lung cancer on expected marginal costs per patient (measured in yen) and expected life expectancy gain (yr/patient). The threshold value requires less than approximately 40% prevalence in order for the chest CT plus chest FDG-PET strategy to reduce costs. LE ϭ life expectancy. and concurrent examinations beyond the first 57,000 yen each month. This is a unique, complicated policy of the national health-care systems in Japan. 47 Third, regardless of the chest CT findings, diagnostic procedures for staging are ordered at the first outpatient visit for patients in whom lung cancer is suspected, partially because of a long waiting period for the diagnostic examinations. This means that patients with benign disease also undergo skeletal scintigraphy, brain MRI or CT, and abdominal CT or ultrasound. There is a tendency for the physician to order numbers of examinations in proportion to the probability of malignancy in the pulmonary nodule. These issues are very problematic in regard to cost-effectiveness analysis, and solving them is a challenge for nuclear medicine specialists and radiologists, as well as for general practitioners and economists.
Life expectancy gain and expected marginal costs vary widely with the prevalence of NSCLC. It is noteworthy that prevalence is a key variable in understanding the cost-effectiveness of our strategy. Our results revealed that as the prevalence of NSCLC increases, the expected marginal costs decrease and they entered the red at the threshold (cutoff) point of approximately 40%, while life expectancy gain increased. The deficit is presumably due to the three causes mentioned above. For the time being, possible measures to reduce the deficit include shortening hospital stay and performing additional staging investigations only when there is no evidence of mediastinal node involvement on chest CT. On the other hand, the whole-body FDG-PET system has the potential to detect distant metastatic foci. If whole-body surveys by FDG are employed to detect distant metastasis in NSCLC patients, it might be possible to perform fewer staging investigations. 3, 4 Chest CT was not incorporated into the current strategy for the diagnosis of lung cancer because of its low specificity (57.9%). Chest CT sensitivity for the diagnosis of lung cancer, however, is very high (99.7%). Mass screening for lung cancer by spiral CT has just recently been introduced nationwide in Japan, taking full advantage of the ability of spiral CT to detect smaller pulmonary nodules, those Ͻ 1.0 cm in diameter. 52, 53 This new screening system is promising for earlier detection of lung cancer, while the clinical efficacy of mass screening using chest radiographs (photoscopic examination) is regarded as inadequate in terms of the survival of the screened population. Nevertheless, the new system will provide nuclear medicine specialists with another challenge, that of diagnosing smaller lesions by means of FDG-PET in the foreseeable future.
In conclusion, the chest CT plus chest FDG-PET strategy is unlikely to be cost-effective in patients with NSCLC in Japan. However, patient life expectancy gain would increase as a result of improved staging of NSCLC. The life expectancy gain would be 0.607 years (7.3 months) per patient and the cost increment would be 218,000 yen/yr/patient if the FDG-PET cost were 100,000 yen (around $700 US) per study. Last but not least, our results were obtained in a small group of patients in a single hospital in Japan, and we only speculate that the above-mentioned conclusions are true of the rest of Japan. We emphasize that these preliminary results should be confirmed by further studies for local environments.
